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AMENDMENT NO. 1 SEPTEMBER 1969 

TO 

IS: 3878-1967 SPECIFICATION FOR PLASTER 
SHEARS, DENTAL 

Alterations 

( First cover page, pages 1 and 2, Title) — Substitute the following for 
the existing title: 

' Indian Standard 

SPECIFICATION FOR SHEARS, PLASTER, DENTAL • 

( Page 3, clause 6.1 ) — Substitute the following for the existing clause: 

' 6.1 Performance Test — The plaster shears shall cut a slab 
20 mm thick of set stone-plaster. The test shall be repeated ten 
times. There shall be no damage to the shears or cutting edges after 
the completion of the test. The stone-plaster slab shall be prepared 
as detailed in 6.1.1. ' 

(Page 4, Fig. 1) 

a) Add the following dimension to the existing figure: 

' Radius of curvature of the cutting jawi ■■ 43 mm ' 

b) Substitute the following for the existing caption of the figure: 

• Fio. 1 Shears, Plaster, Dental ' 
( Page 5, clause 6.1.1 ) — Delete. 

( Page 5, clause 6.1.2) — Substitute the following for the existing 
clause: 

' 6.1.1 Stone-Plaster Slab — Mix 100 g of stone-plaster powder 
( CaSOf'iHtO known as a calcium sulphate hemihydrate ) with 20 to 
28 ml of water at room temperatu.e. The mixture shall be 
spatulated with the help of a plaster spatula for a period of 2 minutes 
so that it attains a smooth creamy mix and then vibrated to eliminate 
the air bubbles. The mixture shall be poured into the cast and 
again vibrated to further eliminate the air bubbles and then allowed 
to set for a period of 15 to 20 minutes. The cast shall then be taken 
out and dried till it attains a compressive strength of 600 kgf/cm*. ' 



( CPDC 21) 

Reprography Unit, BIS, N«w Dtlhl, India 
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Indian Standard 

CODE OF PRACTICE FOR 
MANUFACTURE OF BURNT CLAY 
MANGALORE PATTERN ROOFING TILES 

0. FOREWORD 

0.1 This Indian Standard was adopted by the Indian Standards Institution 
on 31 January 1967, after the draft finalized by the Clay Products for 
Building Sectional Committee had been approved by the Civil Engineer- 
ing Division Council. 

0.2 Clay roofing tiles of the inter-locking type, a particular pattern of 
which is known as Mangalore pattern, were originally manufactured in 
Mangalore but later came to be adopted for use on a large scale in other 
parts of the country also. Different practices for the manufacture of tiles 
are being adopted in the country and with a view to improve the manu- 
facturing operations and utilizing the existing knowledge and experience 
gained in the manufacture of better quality of tiles, this standard has been 
prepared to unify the practice followed and to guide the producer of 
burnt clay roofing tiles. 

0.2.1 Tile-maker in the country usually utilizes whatever soil is locally 
available and makes only the minimum modifications, which are abso- 
lutely essential for moulding in its composition. However, investigations 
made at the Concrete and Soil Research Laboratory, Madras have indi- 
cated certain broad limits within which the mechanical grading of the 
soil should lie in order to obtain the required strength, low water absorp- 
tion and other requirements for burnt clay tiles. Composition of the soil 
suitable for the tile manufacture has therefore been specified, based on 
the test results conducted by the Concrete and Soil Research Laboratory, 
Madras. 

0.3 In the formulation of this standard due weightagc has been given to 
international co-ordination among the standards and practices prevailing 
in different countries in addition to relating it to the practices in the field 
in this country. 

0.4 For the purpose of deciding whether a particular requirement of this 
standard is complied with, the final value, observed or calculated, ex- 
pressing the result of a test or analysis, shall be rounded off in accordance 
with IS: 2-1960*. The number of significant places retained in the 
rounded off value should be the same as that of the specified value in this 
standard. 



*Ru1m for rounding off numerical values ( noistd). 
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1. SCOPE 

1.1 This standard covers the selection of raw material,' moulding and 
burning of burnt clay roofing tiles with specific reference to machine 
pressed inter-locking clay roofing tiles of the Mangalore pattern. 

2. TERMINOLOGY 

2.0 For the purpose of this standard, the definitions given in IS : 1498- 
1959* and the following shall apply. 

2.1 Drying Shrinkage — The percentage reduction in length of volume 
of tiles on drying, due to the removal of the film of water which surrounds 
the individual grains in the plastic form. 

V — Vd 
Drying shrinkage (-S^,), percent =—y X 100 

where 

V = the plastic ( wet and green ) volume of tile, and 
Vd = dry volume of the tile. 

2.2 Fired Shrinkage — The percentage reduction in length or volume of 
dry tiles when subjected to heating to a temperature at which they are 
ultimately fired. 

yd _ vf 
Fired shrinkage {S tv ), percent =» =7 — — x 100 

where 

Vd = dry ( unburnt ) volume of the tile, and 
Vf — dry ( fired ) volume of the tile. 

3. SELECTION OF SITE FOR MANUFACTURE OF THE BURNT 
CLAY ROOFING TILES 

3.1 The site shall be selected after giving due consideration to the suita- 
bility of soil and the location of water-table. 

Notb — It is a good practice to idect a site such that the water-table during burn- 
ing season is at least about one metre below the kiln floor. 

3.2 The site should be located in conformity with the prevailing town 
planning regulations, or other bye-laws of similar nature, particularly as the 
smoke from the kiln may prove a nuisance otherwise. 

3.3 The availability of suitable clay conforming to the requirements laid 
down in 4, within an economical distance shall be an important factor 

*CUisiftcation and identification of soils for general engineering purposes. 
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influencing the location of the factory; greater consideration shall, how- 
ever, be given to the distance of the distribution centre of the finished 
tiles rather than only to be guided by the lead of the source of raw 
materials, as it may prove more costly to arrange the distribution and des- 
patch of finished tiles rather than procurement of raw materials at 
factory rate 

3.4 Though the availability of suitable clay, the nearness to a rail head or 
transport facilities through road or water shall be important considerations 
in the selection of a factory for the manufacture of burnt clay roofing tiles, 
the most important factor for selection of a suitable place shall be conge- 
nial and suitable weather and atmospheric conditions. Raw materials for 
the manufacture of tiles being very susceptible and vulnerable to the 
rigours of the changing climatic and weather conditions in the process of 
drying, the economic operation of the factory, may get crippled irrevo- 
cably, if proper consideration is not given to such conditions. 

4. SOIL 

4.1 The soil used for making burnt clay Mangalore pattern roofing tiles 
should be processed so as to be free from gravel, coarse sand, lime and 
KANKAR particles, roots, vegetable matter, etc. 

4.2 Regarding the mechanical composition, the soil or mixture of soils 
should preferably conform to the following requirements: 

a) The total fines shall not be less than 75 percent and the minimum 
clay content shall be 40 percent [see, IS : 1498-1959* and 
IS: 2720 (Part IV)-1965f]. 

b) The total lime ( CaO ) and magnesia ( MgO ) [ see IS : 1727-1960+ ] 
shall be not more than T5 percent by weight and the lime shall 
be in finely divided form. The total water soluble material shall be 
not more than one percent by weight [see IS: 2720 (Part XXI )- 
1965§]. 

c) Iron content in the rlay shall be not more than 5 percent by 
weight [see IS: 2720 (Part XXV )- 19661! "|. 

4.2.1 The chemical analysis of the soil shall be made in accordance with 
IS: 1727-1 960 j, IS : 2720 (Part XXI )-1965§ and IS: 2720 (Part XXV)- 
1966H. 

Note 1 — Simple test for fire shrinkage may also be made on rectangular clay tile 

slabs of 20 X 10 cm keeping the thickness same as that of the tile made under the same 

condition as the actual manufacture of the tile. Shrinkage shall be measured along 

both longitudinal and lateral axes and expressed as an average. 



'Classification and identification for soils for general engineering purposes. 
♦Methods of test for soil: Part IV Grain size analysis. 
{Methods of test for pozzolanic materials. 

{Methods of test for soils: Part XXI Determination of total soluble solids. 
||Methods of test for soils: Part XXV Determination of silica sesquioxide ratio ( under 
print ). 
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Note 2 — Generally the drying and fired shrinkage of the tile can be taken on the 
average as 9 percent for the purpose of designing the dimensions of the mould. 

5. PREPARATION OF CLAY 

5.1 Weathering — The soil shall be left in heaps and exposed to weather 
as long as possible and for at least three months. This is done to develop 
a homogeneity in the mass of clay, particularly if they are from different 
sources, and also to eliminate the impurities in the clay which get oxidized, 
rendering the clay harmless to effect a uniform and burnt clay colour at 
the time of burning. Also if there be any insoluble salts in the clay this 
would be washed off by rain to a great extent which otherwise will cause 
scumming at the time of burning the tiles in the kiln. 

5.2 Tempering — Addition of water to the clay at the dumps shall be 
necessary for the easy mixing and workability, but the addition of water 
shall be controlled in such a way, that it may not create problems in the 
process of drying as, it shall ultimately be driven out in the process of 
drying. Excessive moisture content may effect the size and shape of the 
finished 'product. The tempering of the clay shall be carried out by 
storing the clay in a cool place in layers of about 20 cm thick for not less 
than 36 hours. This will produce homogeneity in the mass of clay for 
subsequent satisfactory processing. 

5.3 Mixing — Two or more soils may have to be mixed so as to conform 
to the requirements of clay as laid down in 4. The mixing may be done 
in a vat or the clay may be passed through a proportioning box clay 
feeder and double shaft mixer after assessing the composition of the 
mixture. 

5.4 Grinding —The clay mixed in the proper proportion shall then be 
passed through high speed grinding rollers and then extruded through a 
pugmill. 

Note — It may sometimes be necessary ( especially in case of harder clay ) to grind 
the weathered clay before tempering and this is generally done in pan roller mills 
before being fed into the high speed rollers. 

5.5 Pugging 

5.5.1 Consolidation of the clay shall be done by extrusion through a 
suitable mouth piece attached to the discharge end of the pugmill and 
different sizes and shapes of slabs shall be obtained by suitable design of 
the die. 

5.5.2 The design of the die for the extrusion of the flat slabs for roofing, 
tiles shall be carefully made out to avoid the slab cracking, occurrence of 
dog ears, variation in the size of the slabs, variation in the density of the 
slab, etc. Tbe condition and the design of the screw or the auger may 
influence the efficiency of operation, power consumption and the elimina- 
tion of lamination of the slabs and it shall be suitably controlled. 
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5.5.3 To achieve better quality production and better finish with regard 
to appearance, the extrusion of the slab shall be carried through a de- 
airing pugmill. 

6. MOULDING OR PRESSING 

6.1 Design and Construction of a Tile Press 

6.1.1 The tile press may be manually operated or power operated, the 
latter may be of the rotary or revolver press type. The construction of the 
press shall be such that five bottom moulds can be assembled on the five 
faces of the revolving pentagon drum in a horizontal plane and operated 
upon by a common top mould having reciprocating motion vertically. 

Note — Such a press with good workmanship is capable of producing up to 7 000 
tiles per day of 8 hours. The hp required to operate this press will be 7-5. 

6.1.2 For lesser output capacity, to the extent of 4 500 tiles per day of 
8 hours, crank power press may be used. Here two moulds on either side 
of a solid frame shall slide backward and forward on a horizontal bar and 
receive the top mould moving up and down through the medium of a 
crank shaft in such a way that one bottom mould shall be discharging the 
tile already pressed, while the second bottom mould shall be subjected to 
the process of pressing. When this one is withdrawn, the first bottom 
mould shall come into the position to receive the top mould. 

Note 1 —The hp that will be required to operate this press will be 3-5. 

Note 2 — The crank press may also be operated manually and the output in such a 
case is about 3 000 tiles per day of 8 hours. 

6.2 Design and Construction of the Tile Mould — The mould shall 
be constructed of cast iron. The size of the mould shall be decided by 
taking into consideration the shrinkage factor of the clay used. The 
shrinkage factor of the clay proposed to be pressed can be assessed by 
preliminary tests of drying and burning. The working surface of the 
moulds sha41 be well polished and smooth and when the top and bottom 
moulds are kept in the closed position, the gap in between shall be such as 
to produce a uniform section tile with predetermined configuration. 

The mould shall be maintained in a perfect condition to avoid any 
possible variation in the finished size of a tile due to wear and tear of the 
metal and the dimensions of the mould shall be checked at frequent inter- 
vals to ensure that the wear of the metal is within the permissible limits. 

6.3 Moulding or Pressing Procedure 

6.3.1 A fiat slab of clay, depending upon the size of the mould, as ex- 
truded from the pugmill explained in 5.5.2, shall be placed on the working 
surface of the bottom mould. The mould face shall be smeared with 
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smearing oil, which may be a mixture of kerosine oil and vegetable oil to 
facilitate easy release of pressed tile from the metal mould. The setting 
and adjustment of the top mould on to the bottom mould shall be done 
carefully to avoid any variation in the section of finished tile, which other- 
wise may effect the flexural strength of the finished product. After the slab 
has been pressed and when the rotating drum in the revolver press comes 
to the next halting position, the pressed tile shall be received on a wooden 
frame called pallet. No force shall be applied by the receiver to extri- 
cate the pressed tile from the mould, if there be any sticking, which may 
cause drying damages. 

6.3.2 The surplus clay adhering to the sides of the pressed tile after press- 
ing shall be scrapped off or trimmed with a sharp knife. This surplus 
clay usually called spew shall be collected and returned to the pugmill. 

7. DRYING 

7.1 The tile pressed and trimmed as described in 6.3.1 shall then be passed 
on to the drying racks, where they shall be allowed to dry at a slow and 
steady rate so that warping of the tile is avoided to a great extent. This 
will be greatly influenced by the weather and climate conditions apart 
from the ambient temperature in the building where these drying racks 
would be situated. Rapid drying of the green tile shall not be permitted 
as it may show distress by checking, cracking, and crazing. The pressed 
tiles after being dried shall present a light grey appearance before these 
are fed into the kiln. A tile with a residual moisture content not exceed- 
ing 4"0 percent by weight shall be considered sufficiently dry to go into the 
kiln. Artificial fire may be raised to heat and dry the tiles particularly in 
the monsoon times to advance the drying cycle. Indiscriminate artificial 
fire may, however, cause heavy breakage. 

Note — Humidity dryers may also be employed for quicker and efficient drying of 
tiles, but the schedule of drying should be carefully selected to suit the type of clay 
used for manufacture. 

8. KILN 

8.1 Though there are many types of kilns, such as bulls, kilns, ' clamps, 
intermittent kilns, zig-zag kilns, continuous kilns, etc, the most commonly 
adopted for substantial output, with comparatively economic operation and 
fuel efficiency, is a transverse or barrel arch or top fired straight Hoffman 
kiln. These kilns shall be connected to a masonry chimney stack or may 
be operated by induced draft fans. With the latter, control and per- 
formance of the kiln operation would be better as this is independent of 
the influence of the atmospheric conditions. 

9. SETTING OR LOADING OF THE TILES IN THE KILN 

9.1 Before setting the tiles, the floor of the kiln shall be completely paved 
with burnt bricks. Construction of sole flues for the passage of the hot 

8 
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gases from chamber to chamber is an important factor to be looked into 
before setting the tiles and this shall be maintained in good state of repair. 
The arrangement of the sole flue shall be such that there shall be about 
10 to 12 openings, covering the entire width of the chamber. The green 
tiles shall be stacked over the sole flue platform with their long axis 
parallel to the ground floor. Depending upon the design, the tiles shall be 
set face to back, face to face or back to back ( set Fig. 1 ) 

Mots — The Hoffman continuous kilns having the firewood feeding holes at the top 
of the kiln, depending upon the internal measurements of the chamber, may contain 
1 500 tiles between two fire lines. 

10. STARTING KILN FIRE 

10.1 Tiles that are fully dry shall be set in the kiln for the initial firing. 
Once the fire advances depending upon the firing cycle, the tiles in the 
forward chambers get the benefit ol smoking, pre-heating and then gradu- 
ally subjected to the advancing heat. 

10.2 The Are place for starting the fire shall preferably be separate from 
the space kept for the tiles set in the kiln and there shall be temporary 
arrangements to ensure that the hot gases and fire issuing from the fire 
place travels through the set tiles and sole flue with an even spread. 

10.3 It shall be ensured by a suitable operation of dampers that the 
necessary draft is obtained for supplying air for burning the fuel and main- 
taining the flow of ho{ gases through all the first set of chambers before 
exit into the chimney Or drawn by the fan draught. 

10.4 As the heat progresses more chambers with tiles set in th£m shall be 
brought into operation by suitable operation of the dampers. It shall be 
ensured that paper baffler is also destroyed before a fresh [chamber is 
brought into die firing circuit. The process of firing and th|l control of 
the Are travel shall be carefully regulated. 

11. CONTROL OF BURNING 

11.1 FueTFeed 

11.1.1 Fuel used for burning of tiles may be either firewood, coal or fur- 
nace oil. The fjiel shall conform to the specification of the design of the 
kiln. 

11.1.2 The fuel shall be fed directly to the chambers through the feed 
holes at the top, only when the tiles have been slowly and progressively 
heated to about 450°C. The fuel shall be fed in small quantities at regu- 
lar intervals. The feed holes shall be covered tightly after every feed. 

11.2 Control of Temperature and Rate of Fire Travel 

- 11,2.1 The temperature at which the tiles are to be fired may range 
from.800 to 900°C depending upon the quality of clay. The temperature, 
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shall preferably be observed frequently by means of suitable high tem- 
perature measuring devices and the fuel-feed and draft adjusted for 
control. 

11.2.2 The rate of fire travel shall not be less than 40 cm/h. Operation 
of the dampers, setting of the tiles and emptying of the tiles shall keep 
pace with the advancing fire cycle. 

11.3 Draft Control 

11.3.1 The draft of the kiln shall be observed by suitable draft gauges 
at various points <9f the kiln and shall be adjusted by operating the dam- 
pers as specified by the designer of the kiln. 

11.3.2 There are five distinct and separate stages in the firing cycle, 
such as smoking, pre-heating, firing, soaking and cooling, to which the 
tiles in the kiln shall be subjected to. The proper and efficient control of 
these stages will greatly depend upon the technique and experience of 
the burner. 

Note — If the temperature gradient covering all the above distinct stages are studied 
and a graph drawn, it will approximately follow the familiar pattern of a parabolic 

curve. 

t 

11.3.3 The temperature of the gases at the pre-heating area shall be 
controlled by proper opening of the dampers to avoid the tiles ^being sub- 
jected to thermal shock and the consequent high breakage. f 

. 11.3.4 During the smoking and pre-heating periods, any residual mois- 
ture left in the tiles shall be slowly and steadily driven out through the 
first damper. The practice ot keeping two or three dampers wkh varying 
degrees of opening shall be adopted depending upon the design of the 
kiln, the efficiency of the fan or the chimney, the method offsetting the 
tiles in the chambers, the type of fuel used, the quantity of free) air admit* 
ted at the back lines behind the firing zone, the number of feed holes kept 
open behind the fire lines and the number of chambers under fire. 

11.3.5 Paper baffles, covering the entire width of the chamtjier in front 
of the chamber connected to the first damper opening, to arrest the 
counter flow of air rushing into the area under smoking, which otherwise 
may affect the fire travel and the draft shall be provided with care. It is 
preferable to use two paper baffles to ensure against any possible leakage 
of cold air, should one paper baffle get torn or damaged. When the fire 
advances, this paper will get automatically burnt and connect the next 
chamber to the main flue. 

11.3.6 The wicket openings to the chambers shall be carefully regulated. 
The tiles reaching a temperature of about 850°C shall not be the only factor, 
the duration of the soaking period shall also be considered. The tiles shall 
be subjected to longer hours of operation with slower heat rather than to, 

11 
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have it at a shorter time with more intense heat, though the ultimate 
temperature reached may be the same in both cases. 

11.3.7 Where there are no facilities for scientific control of the kiln per- 
form ance through instruments, it shall be achieved by careful examina- 
tion of the colour of the fire and the tiles in the chamber under fire and 
also by the intensity of the blowing out of hot gases through the feed 
holes. The flexural strength and porosity of the tiles will be influenced 
by the efficiency of burning of the tiles in the kiln. 

12. UNLOADING AND SORTING 

12.1 Cooling of the tiles in the kiln shall be gradual. 'Depending upon the 
designing of the kiln, the number of chambers under fire, the fire travel, the 
quality of output required, the fuel used, etc, the loaded tiles, from the 
beginning it starts absorbing the heat until it is sufficiently cooled for re- 
moval, shall be inside the kiln for about 74 hours. 

12.2 The tiles shall be unloaded from the kiln carefully and conveyed to 
the sorting shed with minimum breakage. 

12.3 Tiles shall then be sorted out into different classes of quality as laid 
down in IS : 654-1962*. 



•Specification for day roofing tfles, Maagalorc pattern ( mini). 
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PUBLICATIONS OF INDIAN STANDARDS INSTITUTION 

INDIAN STANDARDS 

Over 3500 Indian Standards, broadly classified undar tha following 
main heads, have been Issued so fan 



Agriculture ft Food 

Chemical 

Civil Engineering 

Consumer Products 

Of these, the standards belonging 
under the following categories: 

Adhesive! for Wood Product* 
Aggregates 

Alr-Condltlonlng and Refrigeration 

Alr-Condltlonlng Equipment 

Boards and Sheets 

Bricks and Blocks 

Builder's Hardware 

Cement 

Door and Window, and Furniture Fittings 

Doors and Windows 

Drawing, Estimation and Measurement 

Fire Fighting Equipment and Accessories 

Fire Safety 

Flexible Coverings 

Floor Finish 

Flow Measurement 

Foundation 

Functional Design 

Furniture 

General Structural Design and 

Construction 
Gypsum 
Lime 

Loading Standards 
Manufacture or Processing 
Masonry 



Electrotechnical 
Mechanical Engineering 
Structural & Metals 
Textile 

to the Civil Engineering Group fall 



Modular Co-ordination 

Packing 

Pipes 

Planning, Regulation and Control 
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Stones 

Tar and Bitumen 
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Timber 
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Wall and Celling Finish 

Waterproofing and Damp-Proofing 

Water Supply. Drainage and Sanitation 

Water Supply, Sanitation and 

Drainage Fittings 
Unclassified 
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